The Freundlich type adsorption is described by Eq. 2, where x is the adsorbed amount of drug per unit weight of (2) MCC (mmol/g), [D] , the equilibrium drug concentration (mo1/1) , and k and 1/n are constants. Equation 2 is an empirical one, and the physicochemical meanings of those constants are not always clear, but it is likely that the former gives a rough measure of the relative adsorbent capacity for a given adsorbate, while the latter reflects the affinity of the adsorbate for the adsorbent4) The logarithmic expression of Eq . substituent at the 2-position (-CF3 group for TFPZ) probably inhibits deep penetration. Furthermore the tendency of the value of k to decrease in all adsorption systems with increasing temperature might mean that the adsorption process is exothermic, as is the case for general adsorption systems. As regards the kind of MCC, PH-101 is a standard grade, while PH-301 possesses a higher density and flow-ability. Differences between them appear mainly in the powder characteristics, and may arise from differences in the physicochemical structure of cellulose microcrystallite and/or aggregates. That is, in the process of preparation , aggregation or clustering of cellulose microcrystallites, which are assumed to be the minimum unit forming MCC particles and to be composed of crystalline (or micellar) and amorphous regions , occurs to a significant extent. The values of k for PTZs appear to be higher for PH-301 than PH-101 , while the reverse relation is found for acrinol. The small differences in adsorbent capacity of the two MCCs may reflect the difference in the cellulose microcrystallite and/or cluster structure, but further study is necessary to establish this . The physical meaning of the constant, is not clear at present . If the constant is assumed to be a measure of the affinity of the adsorbent for the adsorbate ,4) PZ will have the strongest affinity with MCC. This conclusion is inconsistent with the observed low adsorption of PZ, so variations of the constant may reflect differences in the adsorption mechanisms .5 In the present case, for PZ-MCC is nearly equal to unity, which indicates that the adsorption is of partition type rather than Freundlich type.
The adsorption mechanisms for CPZ and TFPZ on MCC were suggested to be similar , and slightly different from that for PZ. Further, the relatively low value of lln for acrinol-MCC indicates that the adsorption isotherm is moderately curved with increasing drug concentration, and shows some similarity to Langmuir-type adsorption . In the work of ElSamaligy et al. on the adsorption of antibiotics(ampicillin and amoxycillin) on MCC , the adsorption was assumed to be of Langmuir type, though the saturated adsorption region was not clearly shown in their adsorption isotherms .1c) Thus, the adsorption can probably also be described by a Freundlich-type equation. Since the intermediate part in Langmuir-type adsorption can usually be approximated by Freundlich-type adsorption ,6) the possibility that the present adsorption isotherms represent a Langmuir-type adsorption cannot be ruled out completely. On the other hand, the temperature dependence of was very small , and a slight increasing tendency with increase of temperature was observed for CPZ-MCC and acrinol-MCC systems. This might reflect a slight structural change of cellulose microcrystallites .
pH Dependence of Adsorption Adsorption of CPZ was pH-dependent, as shown in Fig . 4 . It was lower in the acidic region below pH 4, and increased gradually with increase of pH , becoming nearly to a constant above pH 6.5. Similar pH dependence was observed for other PTZ-MCC and acrinol-MCC systems. The present results support the data of Frantz and Peck1b) but not the findings of Nyqvist et al.1a) The large pH-dependence and the shape of it suggest the existence of dissociable groups with weak acidity in either the drug or MCC. Since both PTZs and acrinol are strongly basic drugs (pKas for PTZs and acrinol are 9.2 9.47) and 11.6,8) respectively) , most of the PTZ and acrinol may be present in monoprotic form below pH 7.5.9) In the case of acrinol , the existence of a diprotic form is possible due to protonation of the 6-NH2 group in the acridine ring. However, since the UV spectrum of acrinol (210 320 nm) did not change with pH in the range of pH 2 8, most of the acrinol seemed to be in the monoprotic form , and the amount of the diprotic form may be negligible. On the other hand, it was reported that the cellulose surface has a negative charge due to the ionization of carboxyl groups formed by oxidation of the hydroxy groups on anhydro-glucose units .9) Hence MCC should have a negative surface, a conclusion which is also supported by the negative value of the zeta-potential ( -20 mV) in aqueous solutions.10) Thus, the pH-dependence of adsorption seems to result from dissociation of carboxyl groups on the MCC surface with increasing pH of the MCC suspension.
Effect of Ionic Strength on Adsorption
Since the electrostatic force is clearly involved in the adsorption of PTZs and acrinol on MCC, it was expected that the adsorption would be affected by ionic strength. As can be seen in Fig. 5 , the adsorption rapidly decreases with increase of ionic strength, and approaches a constant value above (I)1/2 = 0.4. Similar results were reported by Frantz and Peck on the adsorption of promethazine and fluphenazine on MCC.1b) The result indicates that electrostatic binding of a cationic drug to the anionic site on the MCC surface may be inhibited by increasing ionic strength due to the restriction of the electric double layer around the cationic and/or anionic center. An alternative view of the adsorption is possible, i.e., that a cationic drug is adsorbed at an anionic site on MCC by ion-exchange. Cationic drugs such as PTZ and acrinol may be preferentially adsorbed at such a site. The fact that a certain level of adsorption was maintained even at a large excess of salt (Fig. 5) , suggests that non-electrostatic binding is involved in the adsorption. This assumption is also supported by the previous result on the pH-dependence of adsorption (Fig. 4) , which indicated that the adsorption is not zero even in strongly acidic regions, in which all of the carboxyl groups on MCC should be completely protonated. This non-electrostatic adsorption appears to occur also in the acrinol-MCC system, since the effects of pH and ionic strength on the adsorption are similar to those in the CPZ-MCC system, as shown in Figs. 4 and 5. The non-electrostatic forces involved in the adsorption may be hydrogen-bonding and van der Waals forces, of which the former should be major, as described below, while the latter may be minor and complementary.
Cation-Exchange Properties of MCC
Since MCC has carboxyl groups on its surface, it should act as a weakly acidic cationexchanger above pH 4. Figure 6 shows the pH changes of MCC suspensions with the addition of neutral salt. The pH values gradually decrease with increase of salt concentration, except in the acrinol-MCC system. This indicates that H + is released from the MCC surface by cationexchange adsorption of Na+ , K +, or CPZH . Since the pH-lowering magnitude at a constant salt concentration was in the order, CPZEI+>K+>Na+ the above cations cannot be equivalent with respect tb the MCC anionic site, and the order seems to reflect the site specificity. The addition of acrinol induced an increase of pH, as shown in Fig. 6 . Although the different result with acrinol as compared with the other salts cannot be clearly interpreted, a probable explanation is the buffering action of acrinol. That is, since acrinol is a salt of basic ethacridine (pKa,= 11.6)8) and lactic acid (pKa2 = 3.86), at higher salt concentrations the value of pH should approach 1/2 (pKa, +pKa2)= 7.73, provided that monomolecular dispersion can be assumed. Thus, the deprotonation effect of cation-exchange adsorption may be overcome by the buffering action of the drug itself. 
Conclusion

